**Core tip:** In this case, the results from cervical and supraclavicular lymph node biopsies were different. It is very difficult to diagnose lymph node mycosis quickly in the early stage. When conventional anti-infective treatment is ineffective, multi-stage and multi-site lymph node biopsy is particularly important. The new antifungal drug Caspofungin and the empirical antifungal agent Voriconazole were ineffective, and successful treatment was achieved with Amphotericin B.

INTRODUCTION
============

Invasive fungal disease (IFD) is a common type of infection in daily clinical practice around the world. It is defined as fungus that invades body tissues, fluids, and blood, and its growth in these places causes inflammation reaction, leading to tissue damage and organ dysfunction. The incidence in patients with immunosuppression due to organ transplants, malignant tumors, *etc* is high (up to 20%-40%)\[[@B1]\]. In recent years, with increasing numbers of immunosuppression in patients with diseases (*e.g*., malignant tumors and acquired immune deficiency syndrome) and those who use immunosuppressive drugs, IFD incidence has increased dramatically, and the proportion is higher in patients with chronic diseases\[[@B2]-[@B6]\]. Current estimates suggest that there are approximately 300 million life-threating fungal infections annually, resulting in 1.6 million deaths\[[@B7]\]. Health impacts worldwide include high morbidity, an overall mortality of 30%--80%, and a multibillion dollar annual economic burden\[[@B8]\].

Lung is the most common target organ of fungal infection. Some specific fungi also have corresponding sensory organs. For example, *Aspergillus* often diffuses in the brain, candida infection often appears in mucositis, and cryptococcal infection often involves the central nervous system\[[@B9]\]. However, it is not common that the main manifestation is lymph node invasion. Unlike previously reported cases, we report a case of invasive mycosis with lymph node fungal infection as the predominant manifestation in a non-immunodeficient patient.

CASE PRESENTATION
=================

Chief complaints
----------------

A 21-year-old man presented to the emergency room department with the chief complaints of repeated cough and abdominal pain associated with multiple lymph nodes enlargement.

History of present illness
--------------------------

The patient began to cough and expectorate 2 mo ago, but he refused treatment at that time. These symptoms continued to appear repeatedly. One month ago, he felt pain in his abdominal region with persistence of colic and paroxysmal exacerbation. There were many lymph nodes on the left side of his neck and groin, but there was no fever over the course of disease. His appetite was poor, and his weight decreased approximately 20 kg in 2 mo.

History of past illness
-----------------------

There were no significant comorbidities at admission.

Personal and family history
---------------------------

The patient was unmarried and childless, lived in a good environment. He denied smoking or drinking and had no personal or family history of other diseases.

Physical examination upon admission
-----------------------------------

Clinical examination revealed the presence of multiple swollen lymph nodes, especially on the left side of his neck and groin. The lymph nodes looked like peanuts with moderate hardness, and their borders were clear. There were no adhesions in the surrounding tissues, and an absence of tenderness. Lung auscultation revealed thick breathing sounds and dry and wet rales.

Laboratory examinations
-----------------------

Laboratory results including liver function, renal function, electrolytes, enzymology, and immunological tests, such as lymphocyte subsets, immunoglobulin, and immunoelectrophoresis, were normal. Blood culture, parasite detected, sputum acid fast staining, virology examination, rheumatoid factor tests, tuberculosis-antibody immunoglobulin G, tuberculosis-antibody immunoglobulin M tests, and human immunodeficiency virus (1+2) antibodies were negative. White cell count, neutrophil ratio, C-reactive protein, and erythrocyte sedimentation rate were elevated, and sputum culture showed *Klebsiella pneumoniae*.

Imaging examinations
--------------------

The computed tomography showed there were many enlarged lymph nodes in the chest and abdominal cavity, with some distributed in the retroperitoneal space. We also found pulmonary atelectasis and infection in the left lung (Figure [1](#F1){ref-type="fig"}, Videos 1-3).

![Radiographic findings. The computed tomography showed there were many enlarged lymph nodes in the chest, pulmonary atelectasis, and infection in the left lung. A: Transverse section; B: Coronal plane; C: Sagittal plane.](WJCC-7-2374-g001){#F1}

Other auxiliary examinations
----------------------------

In the first biopsy of the cervical lymph node, we found a few lymphocytes and multinucleated giant cells, with no tumor cells, and there tended to be lymph node granulomatous lesions (Figure [2](#F2){ref-type="fig"}).

![Biopsy of neck lymph node. There are a small number of lymphoid cells and multinucleated giant cells and no malignant cells. Pathological diagnosis: (the left neck lymph node fine-needle aspiration smear). Considering the lymph node granulomatous lesions.](WJCC-7-2374-g002){#F2}

In the second biopsy of the supraclavicular lymph node, we found lymph nodes with widespread degeneration and necrosis, and there were many spores and small quantities of hyphae in these tissues. There were many giant cell granulomas in the peripheral lymphoid tissues (Figure [3](#F3){ref-type="fig"}).

![Secondary biopsy of supraclavicular lymph node. Lymph nodes with widespread degeneration and necrosis, and there are many spores and small quantities of hyphae in these tissues. There are many giant cell granuloma in the peripheral lymphoid tissues. Pathological diagnosis: (the left supraclavicular lymph node fine-needle aspiration smear). The diagnosis conformed lymph nodes fungal disease.](WJCC-7-2374-g003){#F3}

Bronchoscopy showed bilateral bronchial mucous that was uneven with hyperemia and edema. In addition, there were some small white ulcers. Blood samples as well as white glutinous secretions with filaments were seen in the airway.

FINAL DIAGNOSIS
===============

Based on the imaging findings and the results of the secondary lymph node biopsy, the patient was finally diagnosed with mycosis of lymph nodes.

TREATMENT
=========

After admission, he received regular antibiotic treatment and anti-tuberculosis treatment (Cefoperazone tazobactam 2 × 2 g/d,intravenous drip; Isoniazide 0.3 g; Rifampin 0.45 g; Pyrazinamide 3 × 0.5 g; Ethambutol 0.75 g/d, PO), but the treatment effect was not ideal. His temperature was raised gradually in the fifth day, and he started to present with respiratory failure (the oxygenation index less than 150 mmHg) and needed mechanical ventilation therapy. The general anti-infection and anti-tuberculosis treatment were invalid, so we stopped giving anti-tuberculosis drugs and switched to antifungal therapy using Caspofungin (50 mg/d, intravenous drip) for 7 d. The patient's temperature, however, was still not under control. Therefore, we added Voriconazole (2 × 0.2 g/d, intravenous drip) to his treatment. Four days later, this change appeared to be invalid, and the patient's temperature continued to rise. Then we conducted another lymph node biopsy (Figure [2](#F2){ref-type="fig"}), and at the same time, we began Amphotericin B (30 mg/d, intravenous drip) as the antifungal treatment and stopped using Caspofungin. As Amphotericin B was gradually added, Voriconazole was discontinued after 4 d of Amphotericin B. Figure [4](#F4){ref-type="fig"} shows the timeline of drug intervention.

![Timeline summarizing drug intervention.](WJCC-7-2374-g004){#F4}

OUTCOME AND FOLLOW-UP
=====================

On the third day of Amphotericin B treatment, the patient's temperature gradually returned to normal, and respiratory failure relieved. On the 15th day after admission, the patient was evacuated from the ventilator, and his condition tended to improve. He was then transferred out of the intensive care unit. After continued antifungal treatment for 1 mo in the respiratory department, he went back to the local hospital for further antifungal treatment for 2 mo and recovered. Figure [5](#F5){ref-type="fig"} represents the timeline from the patient's presentation to the final outcome.

![Timeline summarizing patient's information, clinical findings, diagnostic tests, diagnosis, pharmacological intervention, and follow up.](WJCC-7-2374-g005){#F5}

DISCUSSION
==========

Clinical manifestations in fungal infection are various and lack of specificity, and they often appear in conjunction with other diseases and are easily concealed by the primary diseases. In general, the lung is the most common target organ in fungal infection. Some specific fungi also have corresponding target organs: Aspergillomycosis often spreads in the brain; mucosal inflammation is the most common manifestations in candidiasis; and cryptococcosis always involves central nervous system\[[@B9]\]. Onychomycosis is considered to be one of the hallmarks of human immunodeficiency virus\[[@B10]\]. However, swollen lymph nodes as the prominent manifestation are not common in fungal infections.

Many new antifungal drugs and dosage forms have been developed in recent years, but the incidence and mortality of IFD remains high\[[@B2],[@B11]-[@B14]\]. It has been reported that the mortality rates exceed 30% in patients diagnosed with IFD\[[@B15]\]. In recent years, diagnostic testing has improved significantly, and the determination of some biomarkers, such as procalcitonin and presepsin, play an important role in the identification of fungal or bacterial infections\[[@B16]-[@B19]\]. However, accurate diagnosis of IFD remains challenging. Fungal infections lack specific characteristic clinical manifestations and laboratory indicators, making early diagnosis difficult and the rate of missed diagnosis and misdiagnosis high\[[@B11]\]. In this case, the patient was young and had no history of tumor or other immunodeficiency. The first lymph node biopsy indicated lymph node granulomatous lesions, where there is no specificity. Therefore, the implementation of empirical anti-bacterial and diagnostic anti-tuberculosis treatment was made. Obviously, there was no effect and the patient\'s condition gradually worsened, with onset of fever, shortness of breath, and the need for mechanical ventilation treatment. When conventional anti-infective treatment is ineffective or the disease advances progressively, the possibility of fungal infection should be taken into consideration. Antifungal treatment should be given appropriately, and lymph node biopsy should be performed again to find the pathogen.

Clarity and uniformity in defining these infections are important. At present, invasive fungal infection is mainly diagnosed by grading mode\[[@B1]\]. The diagnostic basis is composed of four parts: Host (risk) factors, clinical evidence, mycological evidence, and histopathological evidence\[[@B1]\]. The diagnostic level can be divided into three grades: Definite diagnosis, clinical diagnosis, and suspected diagnosis\[[@B1]\]. Diagnostic criteria are shown in Tables [1](#T1){ref-type="table"}-[3](#T3){ref-type="table"}\[[@B1]\]. Infections caused by *Pneumocystis jirovec* are not included. The criteria for definite diagnosis and clinical diagnosis (Tables [1](#T1){ref-type="table"} and [2](#T2){ref-type="table"})\[[@B1]\] include indirect tests, whereas the level of suspected diagnosis (Table [3](#T3){ref-type="table"})\[[@B1]\] include fungal etiology, although mycological evidence is lacking. These definitions have been adopted by most practice guidelines for IFD. The most commonly identified fungal species associated with IFD are *Candida* species, *Aspergillus*, *Cryptococcus*, and *Pneumocystis*\[[@B20]\]. This case accorded with the grade of suspected diagnosis according to this standard. As there was no etiological basis, Caspofungin with relatively few side effects was given. In this case, Caspofungin was given first and then combined with Voriconazole. Voriconazole is the preferred antifungal drug for empirical antifungal therapy\[[@B21]\]. Unfortunately, the patient\'s condition was not effectively controlled, and fever occurred (the body temperature rose to 40° C). At this point, lymph nodes biopsy was again carried out, revealing lymph node mycosis. The diagnosis of fungal infection was clear, but empirical antifungal therapy was ineffective. At this point, Amphotericin B was resolutely replaced for treatment, and the patient eventually recovered. However, due to technical limitations, we failed to clear the specific type of the fungal infection. Detection and characterization of drug resistance *in vitro* could assist clinicians to select the best antifungal regimen\[[@B8]\]. Evidence supports therapeutic drug monitoring to optimize clinical efficacy\[[@B22],[@B23]\], and our future research efforts will focus on optimization this strategy.

###### 

Criteria for proven invasive fungal disease except for endemic mycoses

  **Analysis and specimen**                **Molds[1](#T1FN1){ref-type="table-fn"}**                                                                                                                                                                                                                                                               **Yeasts[1](#T1FN1){ref-type="table-fn"}**
  ---------------------------------------- ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Microscopic analysis: Sterile material   Histopathologic, cytopathologic, or direct microscopic examination[2](#T1FN2){ref-type="table-fn"} of a specimen obtained by needle aspiration or biopsy in which hyphae or melanized yeast-like forms are seen accompanied by evidence of associated tissue damage                                     Histopathologic, cytopathologic, or direct microscopic examination[2](#T1FN2){ref-type="table-fn"} of a specimen obtained by needle aspiration or biopsy from a normally sterile site (other than mucous membranes) showing yeast cells - for example, *Cryptococcus* species indicated by encapsulated budding yeasts or *Candida* species showing pseudohyphae or true hyphae[3](#T1FN3){ref-type="table-fn"}
  Culture; Sterile material                Recovery of a mold or "black yeast" by culture of a specimen obtained by a sterile procedure from a normally sterile and clinically or radiologically abnormal site consistent with an infectious disease process, excluding bronchoalveolar lavage fluid, a cranial sinus cavity specimen, and urine   Recovery of a yeast by culture of a sample obtained by a sterile procedure \[including a freshly placed (\< 24 h ago) drain\] from a normally sterile site showing a clinical or radiological abnormality consistent with an infectious disease process
  Blood                                    Blood culture that yields a mold[4](#T1FN4){ref-type="table-fn"} (*e.g*., *Fusarium* species) in the context of a compatible infectious disease process                                                                                                                                                 Blood culture that yields yeast (*e.g*., *Cryptococcus* or *Candida* species) or yeast- like fungi (*e.g*., *Trichosporon* species)
  Serological analysis: CSF                Not applicable                                                                                                                                                                                                                                                                                          Cryptococcal antigen in CSF indicates disseminated cryptococcosis

If culture is available, append the identification at the genus or species level from the culture results.

Tissue and cells submitted for histopathologic or cytopathologic studies should be stained by Grocott-Gomorri methenamine silver stain or by periodic acid Schiff stain, to facilitate inspection of fungal structures. Whenever possible, wet mounts of specimens from foci related to invasive fungal disease should be stained with a fluorescent dye (*e.g*., calcofluor or blankophor).

*Candida, Trichosporon*, and yeast-like *Geotrichum* species and *Blastoschizomyces capitatus* may also form pseudohyphae or true hyphae.

Recovery of *Aspergillus* species from blood cultures invariably represents contamination. CSF: Cerebrospinal fluid.

###### 

Criteria for probable invasive fungal disease except for endemic mycoses

  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Host factors[1](#T2FN1){ref-type="table-fn"}
  Recent history of neutropenia \[\< 0.5 × 109 neutrophils/L (\< 500 neutrophils/mm3\] for \> 10 d\] temporally related to the onset of fungal disease
  Receipt of an allogeneic stem cell transplant
  Prolonged use of corticosteroids (excluding among patients with allergic bronchopulmonary aspergillosis) at a mean minimum dose of 0.3 mg/kg/d of prednisone equivalent for \> 3 wk
  Treatment with other recognized T cell immunosuppressants, such as cyclosporine, TNF-*α* blockers, specific monoclonal antibodies (such as alemtuzumab), or nucleoside analogues during the past 90 d
  Inherited severe immunodeficiency (such as chronic granulomatous disease or severe combined immunodeficiency)
  Clinical criteria[2](#T2FN2){ref-type="table-fn"}
  Lower respiratory tract fungal disease[3](#T2FN3){ref-type="table-fn"}
  The presence of one of the following three signs on CT:
  Dense, well-circumscribed lesions(s) with or without a halo sign
  Air-crescent sign
  Cavity
  Tracheobronchitis
  Tracheobronchial ulceration, nodule, pseudomembrane, plaque, or eschar seen on bronchoscopic analysis
  Sinonasal infection
  Imaging showing sinusitis plus at least one of the following three signs:
  Acute localized pain (including pain radiating to the eye)
  Nasal ulcer with black eschar
  Extension from the paranasal sinus across bony barriers, including into the orbit
  CNS infection
  One of the following two signs:
  Focal lesions on imaging
  Meningeal enhancement on MRI or CT
  Disseminated candidiasis[4](#T2FN4){ref-type="table-fn"}
  At least one of the following two entities after an episode of candidemia within the previous 2 wk:
  Small, target-like abscesses (bull\'s-eye lesions) in liver or spleen
  Progressive retinal exudates on ophthalmologic examination
  Mycological criteria
  Direct test (cytology, direct microscopy, or culture)
  Mold in sputum, bronchoalveolar lavage fluid, bronchial brush, or sinus aspirate samples, indicated by 1 of the following:
  Presence of fungal elements indicating a mold
  Recovery by culture of a mold (*e.g*., *Aspergillus, Fusarium*, Zygomycetes, or *Scedosporium* species)
  Indirect tests (detection of antigen or cell-wall constituents)[5](#T2FN5){ref-type="table-fn"}
  Aspergillosis
  Galactomannan antigen detected in plasma, serum, bronchoalveolar lavage fluid, or CSF
  Invasive fungal disease other than cryptococcosis and zygomycoses
  β-D-glucan detected in serum
  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Probable IFD requires the presence of a host factor, a clinical criterion, and a mycological criterion. Cases that meet the criteria for a host factor and a clinical criterion but for which mycological criteria are absent are considered possible IFD.

Host factors are not synonymous with risk factors and are characteristics by which individuals predisposed to invasive fungal diseases can be recognized. They are intended primarily to apply to patients given treatment for malignant disease and to recipients of allogeneic hematopoietic stem cell and solid-organ transplants. These host factors are also applicable to patients who receive corticosteroids and other T cell suppressants as well as to patients with primary immunodeficiencies.

Must be consistent with the mycological findings, if any, and must be temporally related to current episode.

Every reasonable attempt should be made to exclude an alternative etiology.

The presence of signs and symptoms consistent with sepsis syndrome indicates acute disseminated disease, whereas their absence denotes chronic disseminated disease.

These tests are primarily applicable to aspergillosis and candidiasis and are not useful in diagnosing infections due to *Cryptococcus* species or Zygomycetes (*e.g*., *Rhizopus, Mucor*, or *Absidia* species). Detection of nucleic acid is not included, because there are as yet no validated or standardized Methods. TNF-*α*: Tumor necrosis factor-alpha; CT: Computed tomography; MRI: Magnetic resonance imaging; IFD: Invasive fungal disease.

###### 

Criteria for the diagnosis of endemic mycoses

  **Diagnosis and criteria**
  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Proven endemic mycosis
  In a host with an illness consistent with an endemic mycosis, one of the following:
  Recovery in culture from a specimen obtained from the affected site or from blood
  Histopathologic or direct microscopic demonstration of appropriate morphologic forms with a truly distinctive appearance characteristic of dimorphic fungi, such as *Coccidioides* species spherules, *Blastomyces dermatitidis* thick-walled broad-based budding yeasts, *Paracoccidioides brasiliensis* multiple budding yeast cells, and, in the case of histoplasmosis, the presence of characteristic intracellular yeast forms in a phagocyte in a peripheral blood smear or in tissue macrophages
  For coccidioidomycosis, demonstration of coccidioidal antibody in CSF, or a 2-dilution rise measured in two consecutive blood samples tested concurrently in the setting of an ongoing infectious disease process
  For paracoccidioidomycosis, demonstration in two consecutive serum samples of a precipitin band to paracoccidioidin concurrently in the setting of an ongoing infectious disease process
  Probable endemic mycosis
  Presence of a host factor, including but not limited to those specified in Table [2](#T2){ref-type="table"}, plus a clinical picture consistent with endemic mycosis and mycological evidence, such as a positive *Histoplasma* antigen test result from urine, blood, or CSF

Endemic mycoses include histoplasmosis, blastomycosis, coccidioidomycosis, paracoccidioidomycosis, sporotrichosis, and infection due to *Penicillium marneffei*. Onset within 3 mo after presentation defines a primary pulmonary infection. There is no category of possible endemic mycosis, as such, because neither host factors nor clinical features are sufficiently specific; such cases are considered to be of value too limited to include in clinical trials, epidemiological studies, or evaluations of diagnostic test. CSF: Cerebrospinal fluid.

IFDs are characterized by insidious onset and lack of specificity of symptoms. Early neglect can cause delay of diagnosis and treatment, resulting in critical illness and life threatening complications. Therefore, effective antifungal therapy should be carried out once the definite diagnosis/clinical diagnosis is confirmed, and empirical antifungal therapy should also be carried out in the early stage for patients of suspected diagnosis with unclear pathogens. When empiric antifungal therapy is ineffective, it is important to change the antifungal drugs decisively. The patient eventually recovered and was discharged from the hospital, benefiting from early and timely empirical antifungal treatment, although ineffective, but winning the time and opportunity for the latter irrigation of changing antifungal drugs.

In summary, invasive mycosis is a common medical problem in the world. The positive rate of lymph node biopsy is not high. Once invasive fungal infection occurs, it is often accompanied by severe condition, long course, high medical cost, and poor prognosis. In addition, IFD has been shown to be a substantial financial burden to the health care system\[[@B24],[@B25]\]. Therefore, multi-stage and multi-site lymph node biopsies are the key to the diagnosis of the disease. Timely and effective antifungal treatment is essential for curing the disease.

CONCLUSION
==========

The possibility of fungal infection should be considered when both empirical anti-infection and diagnostic anti-tuberculosis treatments are ineffective. The new antifungal drug was not the best treatment, and the empirical antifungal drugs do not necessarily work for every patient. Precise individualized treatment is needed. When routine antifungal therapy is invalid, it is appropriate to change the drug. When replacing antifungal drugs, it is necessary to consider the overlap and continuity of drugs.
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